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CONFIDENTIAL

Monthly Progress Report
Novemwber 1956

Task Order No. 2
Contract No. RD=94

Audio Noise Reduction Circuits

The object of this project is to develop a noise reduction
cir#uit suitable for use in separating speech intelligence from

a signal containing speech and noise when the speech intelligence
is masked by the noise. The proposed method involves a principle
which has been used successfully to improve the si nal~toenolse
ratio in music reproducing or transmission systems » The system
use‘ for music contains bandpass filters which pass frequencies
over a range of an octave or less. These filtercs are used at the
inpﬁt and output of a non-linear element. The gutput of the
non#linear elements contain the fundamental, and also harmcnics
and}subharmonics of the fundamental. However, since the pass band
of #he input and output bandpass filters is o greater than an
octéve. the harmonics and subharmonics are not transmitted by

the| system. The functicn of the non-linear element 1s to reject
all noise signals below a given amplitude or threshold level.

The  threshold levels of the non-linear devices in each channel

can be adjusted so that, in the absence of desired signal, the
noise is rejected. When the desired signal 1s greater than the
thrgshold level the non-linear elements allow the composite signal

to pass. Thus, for passages of recorded music, when the music
signal 1s below the noise level in a given frequency channel, the
ch el is inoperative, and its output is eliminated from the tctali
output. Since the contribution of this channel to tae total output
would have been only nolse, the overall nolse level is reduced.

When the music signal in a given channel 1s greater than the nolsa,
the channel conducts and allows the composite signal tc pass. Tnus

|
1"iH‘ F. Gison, "Electronics", Dec. 1947.

‘ CONFIDENTIAL
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a | el conducts only when the desired signal is greater than
the nolse, and rejects when noise alone 1s present.

ﬁn order to apply this method of noise reduction to speech,
wheq‘the wide band speech signal-to-noise ratio is very low, it
is necessary to find frequency regions in which there are times
whenithe speech amplitude is greater than the noise. Although the
long time average spectrum of speech is continuous, and similar
in s%ape to the spectrum of room noise,2 the short time spectrum
of various speech sounds contains regions of maximum energy called
spaqch rormants3° The assumption that this method of noise reduc-
tion could be utilized for speech was based upon the belief that
it wbuld be possible to find frequency regions in which the ampli-
tudé of the speech formants would be greater than the noise a sube
stantial part of the time.

|

study has been made to determine what bandwidths are required
in order to obtain speech formant amplitudes above the noise when
a wide band speech sample is just intelligible in noise. 1t 1s
knoﬂn that for noises with a continuous spectrum it is the noise
components in the imuediate frequency region of the masked tone
uhidh contribute to the masking '« When a very narrow band of noise
is dsed to mask a pure tone, the masking increases as the bandwidth
is ﬂncreased until a certain bandwidth is reached. After this, as
the bandwidth 1s increased, the amount of masking remains constant.
This bandwidth at which the masking reaches a fixed value, is termed
the critical bandwidth?. The critical bandwidth is a function of

2. H. Fletcher.'"s eech and Hearing on Commuhication", Van Nostrand
Co., Inc. NYC 1953 (see figures 61 and 70)

3. 0Op.cit. chap. 1

%, L. L. Beranek, "The Design of Speech Communication Systems",
Proc. IRE, vol. 39, pp.882, Sept. 1947.

5. N. R. French and J. C. Steinberg, "Factors Governing the In-
telligibility of Speeeh Sounds", Jour. Acoust. Soc. Amer,
Vol.1g, Jan. 1947 (see figure 7
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frequency. It is different when listening with one or two ears.
The critical bandwidth for two ears as a function of frequency is
by the upper curve of Figure 1. Measurements have been made
filters which were both narrower and wider than the critical
dth. Both pure tones and speech mixed with continuous spec-
trum type noises have been studied. The results of this study
lhov}that. for the narrowest permissible bands which can be used
to pass speech formants, the number of times the speech formant
amplitude in a given band exceeds the nolse is small. Also, in
these bands, the speech amplitude is never considerably greater than
the noise. 8ince very narrow bandwidths are required to reduce the
noise below the signal, the number of bands required to cover the
speech spectrum is quite large. There 1s no satisfactory way of
evaluating the effect upon speech intelligence of small contributions
from many narrov bands without building a many channeled circuit
and uating it by making articulation measurements. From the
information available from studying a few channels throughout the
spe spectrum it seems possible that some improvement in intelli-
gibility can be effected, but this improvement may prove to be small.

In view of the fact that there is no convenlent way to evaluate
the tributions of a few narrow band channels to speech intelli-
gibility, a complete multi-channel system will be developed in
0, to determine the effectiveness of this method of improving
speech intelligidbility in noise. The system under development will
cont approximately 80 frequency channels in the frequency range
from 700 to 3200 ops. The bandwidths of these channels will be 3 db
narrover than the critical bands. The bandwidths of these channels
as a function of frequency are shown by the lower curve of Figure 1.

A8 a first step toward building this system a study of various
non~linear devices has been initiated. The physical and electrical
cteristics of several different non-linear elements have been
od ’7. High vacuum diodes, gas diodess. and crystal diodes

ce et.al. Waveforms, McGraw Hill NYC 1949 Chapt.3.
stal Diodes, Sylvania Bulletin Ec¢36 Rev. 1-HO0-555.

« Ae Townsend and W. A. Degg, "Cold Cathode Tubes for Transe
ssi$g5§f Audio Signals", Bell
OV. L ]
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have been considered. During November the study of different types
of <linear devices has been continued. A comparison of the
inputeoutput characteristics of a 6ALS high vacuum diode and a
1NS%A ecrystal diode 1s shown in Figures 2A and 2B. Figure 2A 1is a
linear plot expressed in relative voltis. Figure 2B is a logarithmic
plot of the same data expressed in decibels. The ideal character-
istic of the non-linear element for the noise reduction circuit
is shown in Mgures 2C snd 2D. It has an abrupt change of output
vhen the input signal rises above the threshold. It can be seen .
from this figure that the characteristic of the vacuum diode is a
_ closer approximation to the ideal curve than the orystal dlode.
Because, in this development, an attempt is being made to obtaln

the ma improvement of speech intelligence in noise, the high
va diodo_will_bo used as the non-linear element, even though
the orystal diode is simpler to use from a circuit point of view.

tn view of the large number of channels required, considerable
th t has been given to circuit designs which minimize the number
of tubes, ocomponents, and power required for satisfactory perfor-
mance. A prototype single channel circuit has been designed vwhich
p o es one glass envelope per channel with a filament current of
eres and a plate current of 1.0 milliampere. Although the
t is quite simple, it appears to be satisfactory from a perfor-
standpoint. A schematic of this circuit is shown in Figure 3.
ut-output characteristic is shown in Figures 2E and 2F.

In order to evaluate several of these channels operating
together an eight channel circult has been built. A schematic of
this circult is shown in Figure 4. The response frequency char-
acteristics of these channels for an input signal 3 db above the
shold setting is shown in Figure 5. The bandwidths of these

8 els are shown on Figure 1. The input-output characteristics
are shown in Figure 6. The eight channel circuit is being evaluated
for frequency stability, threshold setting stability, adjacent

el interference and wniformity of operation.

De r 12, 1956
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